This study evaluated the ecological potential of reservoirs in the Brazilian state of São Paulo, having phytoplankton as a biological quality element. Integrated water column sampling was carried out in the dam, and in the intermediate and fluvial zones of the Igaratá, Atibainha, Paiva Castro, Rio Grande, Itupararanga, Broa, Barra Bonita, Guarapiranga and Salto Grande reservoirs in July 2015. Physico-chemical and biological parameters were analyzed in all environments. The phytoplankton was analyzed under an inverted microscope, and measurements of density, diversity, equitability and dominance were determined. The data was ordered using PCA and CCA analysis. The ecological potential of the reservoirs was determined through the evenness index. The electrical conductivity, nitrate, nitrite and orthophosphate were higher in the more eutrophic reservoirs: Salto Grande, Barra Bonita, Guarapiranga and Rio Grande. A trophic gradient was observed among the sampling points, suggesting a conservation spectrum. There was dominance of cyanobacteria in the eutrophic reservoirs associated with low diversity and high dominance. The total density was correlated with TP, TN, and pH. A divergent relationship between the trophic state index and the evenness index was observed. The Atibainha, Itupararanga, Broa, Barra Bonita and Salto Grande reservoirs were classified as water bodies of very poor ecological quality (Bad). The evenness index seems to be a good alternative to the biomonitoring of the studied reservoirs. Eduardo Henrique Costa Rodrigues et al. estado de São Paulo, tendo como elemento de qualidade biológica o fitoplâncton. Amostras de água integrando a coluna d'água foram tomadas nas zonas lótica, central e de barragem dos reservatórios Igaratá, Atibainha, Paiva Castro, Rio Grande, Itupararanga, Broa, Barra Bonita, Guarapiranga e Salto Grande em julho de 2015. Paramentos físico-químicos e biológicos da água foram analisados em todos os ambientes. O fitoplâncton foi analisado sob microscópio invertido e medidas de densidade, diversidade, equitabilidade e dominância foram determinadas. A ordenação dos dados ocorreu através de uma PCA e uma CCA. O Potencial Ecológico dos reservatórios foi determinado por meio do Evenness E2 Index. A condutividade elétrica, nitrato, nitrito e ortofosfato foram maiores nos reservatórios mais eutrofizados, ou seja, Salto Grande, Barra Bonita, Guarapiranga e Rio Grande. Um gradiente trófico foi observado entre os pontos amostrais o que sugere um espectro de conservação. Houve dominância de cianobactérias em reservatórios eutrofizados associada a baixa diversidade e elevada dominância. A densidade total foi relacionada aos PT, NT e pH. Uma relação divergente entre os Índice do Estado Trófico e o Evenness E2 Index foi observada. Os reservatórios Atibainha, Itupararanga, Broa, Barra Bonita e Salto Grande foram classificados integralmente como corpos d'água de péssima qualidade ecológica (Bad). O Evenness E2 Index apresentou-se como uma boa alternativa ao biomonitoramento dos reservatórios investigados. Palavras-chave: eutrofização, poluição, qualidade da água.
INTRODUCTION
In recent years the water quality of reservoirs has been significantly affected by human activities, increasing the frequency of impacts related to pollution and contamination. These impacts lead to eutrophication, resulting in loss of water quality and permanent change in the trophic condition of these environments, making them eutrophic. The effects of eutrophication are well known in the scientific world and affect mainly the productivity of aquatic environments. In eutrophic environments, phytoplankton is among the most-affected organisms, undergoing changes in their dynamics and ecological structure. These organisms represent an important element of aquatic ecosystems, playing a central role in their structure and functioning. Phytoplankton responds rapidly to any change in the environmental characteristics of an ecosystem, mainly to nutrient concentrations, and has been widely used in water monitoring studies (Vicentin et al., 2018; Batista and Fonseca, 2018; Moschini-Carlos et al., 2017; Tucci et al., 2009 ).
The quality of the water bodies in Brazil is evaluated according to standards established by the National Policy of Water Resources through Law Nº 9. 433/1997 433/ (Brasil, 1997 , which promotes the management of national water resources. According to this law, a diagnosis of the current state of water resources must be carried out by monitoring the quality of the water bodies. This monitoring is based on the parameter quality limits according to CONAMA Resolution 357/2005 (CONAMA, 2005 . According to this resolution, the phytoplankton is analyzed considering the density of cyanobacteria and the concentration of chlorophyll a in the water. In the member states of the European Union (EU), the process of management of water resources, river basins and monitoring of water bodies follows the European Water Framework Directive (WFD) (EC, 2000) . The WFD adopts an ecosystem approach in a way that the water bodies will reach a state of minimum degradation. To do so, monitoring of inland water bodies using biological groups is required, and the phytoplankton represents one of these groups. When the physical, chemical, hydromorphological and biological conditions are good, they have a slight deviation from the conditions of the water body without anthropic pressures (Acreeman and Ferguson, 2010) . The objective of the WFD is to achieve good ecological potential and good chemical status of surface waters, i.e., good condition, taking into account the uses for which these water bodies were created. Due to the operation and complexity of the uses, Rev. Ambient. Água vol. 14 n. 5, e2428 -Taubaté 2019 2017 reservoir studies are necessary for a better understanding of the structure of the phytoplankton community, which is subject to the effects of eutrophication. This study established the ecological potential of nine reservoirs in the Brazilian state of São Paulo, using phytoplankton as a biological quality element, through the application of the evenness index.
MATERIALS AND METHODS
Nine reservoirs (Table 1) were studied in different regions of the Brazilian state of São Paulo. These reservoirs are formed by different water-producing systems and have multiple uses such as recreation, electricity generation, irrigation, nautical uses and public water supply. Sampling occurred in July 2015 during winter, in the dry season. In each reservoir three sampling points were chosen. The sampling points were distributed between the dam, intermediate and fluvial zones. For all the parameters, including phytoplankton, a single integrated water column sample was collected, considering 2.7 times the depth of Secchi (m) (Cole, 1994) . Besides depth (m), the following parameters were determined in situ with the aid of a multiparameter probe YSI 556: SPM, surface temperature (ºC), dissolved oxygen (mg L-1), electrical conductivity (µS cm-1) and the pH of the water. Concentrations of nitrite (NO2-) and nitrate (NO3-) (Mackereth et al., 1978) , ammonium (NH4+) (Koroleff, 1976) , total nitrogen (TN) and total phosphorus (TP) (Valderrama, 1981) , orthophosphate (P-orto) (Strickland and Parsons, 1960) and chlorophyll-a and phaeopigments (Lorenzen, 1967; Wetzel and Likens, 1991) were determined in the laboratory. 
Phytoplankton Analysis and Ecological Potential
Regarding the qualitative analysis, the samples were collected with a 20μm mesh net by horizontal trawls at the surface. The material was identified following specialized bibliography: (Ramos et al., 2015a; 2015b; Alves-Da-Silva et al., 2013; Tucci et al., 2006; Sant'anna and Azevedo, 2000) . The organisms were counted using the method described by Utermöhl (1958) . Equitability (J '), specific richness (S), and specific diversity were determined using the software PAST (Hammer, 2001) . Dominant species were determined according to Lobo and Leighton (1986) . The ecological potential of the reservoirs was determined through the evenness index (Spatharis and Tsirtsis, 2010) . Evenness Index formula (Equation 1):
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Where: H' is the Shannon-Weaver Index, and S is the number of species in a sample or population. The limits for the different ecological status classes according to the WFD were: Bad (0.0 -0.2); Poor; (0.2 -0.4) Moderate (0.4 -0.6), Good (0.6 -0.8) and High (0.8 -1.0).
Data analysis
The trophic state index (TSI) was determined according to Lampareli (2004) . The following classification was considered: ultraoligotrophic (TSI ≤ 47); oligotrophic (47 < TSI ≤ 52); mesotrophic (52 < TSI ≤ 59), eutrophic (59 < TSI ≤ 63); supereutrophic (63 < TSI ≤ 67) and hypereutrophic (TSI > 67). A Principal Component Analysis (PCA) was performed using PAST software (Hammer, 2001) . The PCA aimed to verify the ordering of the sampling points regarding the phytoplankton and the environmental variables for the reservoirs. Abiotic and biotic limnological variables were standardized through Z-score transformation. The ordering of the sampling points, through canonical correspondence analysis (CCA) was performed using the dominant species and environmental variables. For the CCA, the transformation was applied through the square root of the data of the species.
RESULTS AND DISCUSSION
A total of 196 species distributed into 99 genera were identified in this study, which suggests a very diversified phytoplankton community. Although the specific richness shows the predominance of green algae (26%), the dominant group in terms of abundance was Cyanophyta. This result is similar to that found by other authors in Brazilian reservoirs: Adloff et al. (2018) ; Batista and Fonseca (2018) ; Silva et al. (2014) ; Soares et al. (2012) ; Cunha and Calijuri, (2011) ; Souza and Fernandes (2009) . In addition, the highest values of density were observed where the concentration of nutrients was higher and where there was a high degree of eutrophication (Table 2) . The variation of diversity, equitability and dominance indexes followed the degree of conservation of the reservoirs, with the lowest values of diversity and equitability being recorded in the most eutrophic reservoirs (Figure 1) . The dominance was higher in eutrophic reservoirs reflecting the impact caused by the share of cyanobacteria in phytoplankton. The low diversity values observed in Broa, Barra Bonita, Itupararanga and Salto Grande reservoirs may be directly related to the dominance of Microcystis aeruginosa. In these same reservoirs, a lower richness was also observed, and high values of density (Figure 1) .
The dominance of cyanobacteria forming dense blooms has been particularly useful as an indicator of high nutritional status (Bellinger and Sigee, 2010) . Our results have suggested the formation of monospecific blooms of Microcystis aeruginosa in Broa (supereutrophic to eutrophic), Barra Bonita (supereutrophic to eutrophic) and Salto Grande (supereutrophic to hypereutrophic) reservoirs. These results have already been presented in previous studies, Rev. Ambient. Água vol. 14 n. 5, e2428 -Taubaté 2019 2017 including records of other species blooms, such as Cylindrospermopsis raciborskii, Microcystis spp and Coelosphaerium evidenter-maginatum in Broa (Tundisi et al., 2015) , Barra Bonita (Bittencourt-Oliveira, 2003) and Salto Grande (Fonseca, 2014) reservoirs, respectively. The high density of cyanobacteria may lead to problems of water quality since several genera can produce potent cyanotoxins, which are harmful to human health (Fotiou et al., 2016) . The following genera with toxic potential were registered in this study: Aphanizomenon, Cylindrospermopsis, Microcystis, Dolichosperum (Anabaena) and Oscillatoria. The clustering of points with the same trophic state presented in the PCA (Figure 2) , showed a trophic gradient, gathering environments with trophic status ranging from oligotrophic to hypereutrophic. The parameters most correlated to the first two axes are the same parameters associated in the determination of the trophic state of the investigated environments, which validates the PCA results. The total density of the phytoplankton regarding the Barra Bonita reservoir highlight the importance of this parameter in that environment, since some of the highest density values and inorganic nutrient concentrations (mainly NH4) were recorded in this reservoir (Table 1 ). The points located in the reservoirs classified as supereutrophic and hypereutrophic were correlated with the parameters DO (dissolved oxygen), Dens (density), pH, TP (total phosphorus), TN (total nitrogen), SS (suspended solids), and EC (electrical conductivity) ( Figure 2 ). The Igaratá, Atibainha, Itupararanga, Paiva Castro and Rio Grande reservoirs were grouped together; these reservoirs were correlated with depth and transparency, which is confirmed by the hydrological characteristics of these environments. The sampling points in the Barra Bonita, Salto Grande, Guarapiranga and Broa reservoirs were located close to each other. These environments were correlated with phytoplankton density, water temperature, pH, dissolved oxygen concentration, total nitrogen and phosphorus, suspended solids and electrical conductivity. The sampling points located in the Paiva Castro, Rio Grande and Itupararanga reservoirs are located in a position that indicates a transition between mesotrophic, eutrophic and super eutrophic environments; this position is intermediate between oligo-mesotrophic and superhypereutrophic reservoirs. Axis 01 was correlated with the parameters TN (0.48), TP (0.43), SS (0.45), SD (-0.36) pH (0.23) while Axis 02 was more correlated with TEMP (0.56), DO (0.64), EC (-0.43), and DENS (0.16) (Figure 2) . The Canonical Correspondence Analysis (CCA), performed with the environmental parameters and the species density of the 12 dominant species, presented an eigenvalue of 0.99, explaining 20.7% of the variation, while in the second axis it has an eigenvalue of 0.97, explaining 40.9% of the variation ( Table 2 ). The correlation between density and the environmental parameters was considered strong, 0.99 for the first axis, and 0.98 for the second axis. The first axis was correlated with transparency, temperature, nutrients (TP and TN), suspended solids (SS), electrical conductivity (EC) and dissolved oxygen concentration (OD) (Figure 3a) . The second axis was more correlated with pH. The association with the parameters and the sampling points in each reservoir evidenced by the CCA corroborated with the limnological characteristics of each environment investigated. A massive clustering of sample points from all reservoirs can be observed in the central part of the CCA diagram. Some dispersed points were observed: Igaratá (2), Rio Grande (10-11) and Guarapiranga (23) ( Figure  3a) . The species were distributed according to their prominent position in the studied reservoirs (Figure 3b) , showing similar ordering to sampling points. According to the CCA, SD (transparency) seems to be the most important variable for variability of dominant species in the studied environments. Pseudanabaena galeata Böcher was correlated with the reservoir that had the highest trophy level (Rio Grande), where it was dominant. Eudorina sp was correlated with Igaratá Reservoir. Synechocystis aquatilis Sauvageau and Planktolyngbya limnetica (Lemmermann) Komárková-Legnerová & Cronberg were correlated to Guarapiranga Reservoir.
The cyanobacteria Konvophorum sp, Pseudanabaena galeata, Cylindrospermopsis raciborskii and Merismopedia glauca and the green seaweed Eudorina illinoisensis were more correlated with the reservoirs classified as oligo-mesotrophic (Figure 3b ). The correlation of the dinoflagellate Ceratium furcoides with the lower trophic state reservoirs was due to the dominance of this organism in Igaratá and Atibainha Reservoirs. The cyanobacteria Microcystis aeruginosa, Microcystis panniformis, Synechocystis aquatilis, Planktothrix agardhii, Aphanizomenon gracile were correlated with the most eutrophic reservoirs: Broa, Barra Bonita, Guarapiranga and Salto Grande (Figure 3b ). The classification of the ecological potential of the reservoirs, evaluated through the evenness index, directly affected the environmental quality of these environments. In general, the reservoirs characterized by high trophy levels obtained the worst classifications, while the less eutrophic reservoirs had better classifications (Figure 4) . Overall, the limnological variables indicate that the studied reservoirs are impacted or in the process of degradation, corroborating the scenario described for these environments in Figure 4 . The results of the present study showed that the Ituraranga, Broa, Barra Bonita and Salto Grande reservoirs are among the most impacted environments, with high concentrations of inorganic nutrients and chlorophyll a, as well as a high eutrophic level. These reservoirs are located in basins with high level of anthropic impacts, and this directly affects the limnological characteristics of the reservoirs; for example, in Bonita Barra, reservoirs blooms of Microcystis sp and other potentially toxic cyanobacteria are common (Tundisi et al., 2008; Sotero-Santos et al., 2006) . The Salto Grande reservoir, located in the central-eastern region of the State of São Paulo, is located in the Atibaia River basin, that has high urban and industrial density (Zanata and Espíndola, 2002) , and there are also contributions from several small tributaries draining the urban centers (Rietzler et al., 2018) . In the region where Barra Bonita Reservoir is located, there is a strong anthropogenic pressure due to intense industrial activities (Petesse et al., 2007) , being considered one of the most populous and industrialized areas in the state of São Paulo (Rietzler et al., 2018) .
The evenness index was a good response to the reality of the Brazilian reservoirs, but a divergence between the TSI and the evenness index can be observed in the Atibainha (mesotrophic) and Guarapiranga (super-hypereutrophic) reservoirs. That was probably motivated by modifications in the phytoplankton community structure caused by different phenomena, of natural or anthropic origin. In Guarapiranga Reservoir the changes may be related to the management measures regarding the use of raw water, while in Atibainha, changes in the reservoir level during the atypical drought of 2013-2015 may also have affected phytoplankton structure in this environment.
In reservoirs, water level fluctuations, as well as changes in hydraulic conditions, are factors that affect phytoplankton structure . The reduction of the water volume affects the concentration of nutrients and material, and there is also a decrease in the current velocity ). These changes may be the main factors controlling the
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development and composition of algae (Martinet et al., 2014) , as well as the density and richness of phytoplankton. In our studies, this may have been directly reflected in the ecological potential, since these metrics (richness and density) are important for the determination of the evenness index. In the case of the Guarapiranga Reservoir, raw water management measures, with application of algicides, may have influenced the divergence between the trophic state indices and the ecological potential. Due to the high eutrophic level, Guarapiranga has frequent blooms (Ogashawara et al., 2014) , which led to the application of algicide, decreasing the density of phytoplankton, mainly cyanobacteria, as the index represents a direct relation between richness and density. The increase or decrease in density implied significant changes in the index response in this environment. However the trophic condition of this reservoir remains the same, which could imply in new cases of blooms, therefore increasing the application of algicides. 
CONCLUSIONS
The trophic gradient observed among the studied reservoirs reflected directly on the biological quality of these environments, affecting the phytoplankton structure (density, richness, diversity and evenness), this result was accompanied by the scenario shown by the evenness index, which uses diversity (H ') as the main metric. This gradient suggests a scenario of the conservation status of these environments and what can be anticipated regarding the limnological characteristics of these reservoirs. In our study, diversity was negatively affected by the eutrophication process. In this sense, this index has become a particularly useful tool for assessing the ecological potential of reservoirs, since the ecological quality of the aquatic environment is a consequence of its conservation status, which in turn is affected by the eutrophication process. The Evenness Index responded well to the reservoirs and works as a complementary measure to the biomonitoring of these reservoirs; however, other components are still needed. The use of means of evaluation is suggested for a better understanding of ecological information and monitoring in reservoirs. The Evenness Index is a tool that could help the decision makers with better management measures.
